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ADEIOVIRUS INFECTIHS IN CHILIREM

[Eo]lou:mg is a translation of an article in French by Ch.
Chany of the Virus Ressarch Cemter, Saint Vinceant de Paul
Hospital, Parls, in the German-language periodical Archiv

for dlo pesmmta Virusfors (Archives for Gemeral Virus
Resaarch%. Yo 13. 1933, pages 204-301.]
Introduction

The isolation of adenoviruses in 1953 by Rowe and his associates
constituted an Jdmportant event in the history of resplratory diseases of
viral origin. After the work on poliomyelitis, the study of respiratory
viruses was the first to profit by the new cell culture methods. But
the isclation of this group of viruses-had another, important interest
for pathology, vhich is ohly now being revealed.

The work of Rowe and others (1) showed that the cell culture mothod’
permits the discovery of viruses persisting in the tissues in a latent
‘state. In fact, cultures of amygdalian cells reveal adenoviruses, whlle
extracts of these same amygdalae, introdused in cell culture by inocula-
tion do nnt, as a general rule, permit isolation. ..

Definition

The virus develops inside the nucleus, undergoing under the optical
microscops characteristic nuoclexsr changes specifiscelly cormeated with the
adenoviruses (2,3,4,5,6). . The pracocious lesions are negative Feulgen
sosinophile indlusions. Tn the more advanced stages of evolution, the
nucleus. isg more and more loaded with a basophilic material rich in INA
(deoxyribanualele acid), forming a central inclusion surrounded by a clesr
zone, oonstrictad in places, the whole taking on the henceforvard classical
rose-pink aspect, The eosinophile_inclusions correspond to protein crystals:
the basophilic Inclusions contain viral particles,

In electmnic microsoopy the viral particles are found to be grouped
in a orystalline formation (7.8). The diameter of a particle is approx-
imately from 80 to 100 millimicrons.. The virlon is made uwp of a 2,3,5
cubic symmetyy capsule (capside) composad of 252 subunits or capsomeres
(9). The genetic material of the virus is deoxyribonunclelc acid., In the
cells, the viruses of this group produce proteins, one of which oconstitutes
tre antigen deviating the oomplement common'te this group (10). Another
of these proteins is the cell-separating factwr (1,12) charaoteristic of
the adenoviruses. According to their type, the ademoviruses hemdiglntinnte
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huuon red corpuscles ad well as thoase of the mornkey, the mounse, andfor

the rat (13). Irhibiticn of hemagglutination permits the type classifica-
tion of adenoviruses., This reaction can also be utilized to revesl the
antibodies inibiting hemagglutination in infected sabjects (14).

The antigenic properties of the shall enable us to distinguish
28 different types.of adenoviruses that may be revealud through neutral-
izdtion reactions with the help of a specific immme serm. As the capsule

(ﬁcfps:ldo) cantaing no lipid domponents, adanovirusws are ms:latant to
QLA

v

. Adsnoviruses have been isolated in man as well as in onimals
(monkey 0\5)' dog Qs6), anad Yowl).

Cliniocglly, ths ademoviruses can produce acute and chronic infec-
ms- . *

L. Clinical Manifestations Ouserved in Acate Tnfections

A very large nmber of Mections my oceur without any clinical
qmptoma. They may he associsted with or accompanied by minor manifesta-
tions vhich mzy pass virtoally wmnoticed. .The existemce of wnapparent
infections mst always be taken into oonsideration in cvalutinz epldemiol-
ogical investigations. -

‘The virus is usually lsolated fiom pharyngeal secretions or from
8tools.( I)hcemﬂy, Gresser and Kibrick isolated this viras also from
urine (17).

Dlagnosls is based on the isolatlion 2f the vixrus and on the sig-
nificant rise in antibodies (establishing the couplement, neutralising
or inhibiting hemagglutination) by comparing the seryms iaken at the mte
stage of the dinease and at ths period of convalescence. The relationa

betuween infection and alinloal wmanifestations depend on statistiocal data,
as Dr. Svedmyr has noted.

1) Manifestations oommonly observed in adults and children

.. Pharyngitis is virtually constant and presents no characteristic
sympton, The pharyux 1s red and congested, with occasional hyperplasia
of the lymphold tissnes, The amygdalas may be large and the seat of |
small whitish elememts. In the absence of super-=infection, there 1s no

‘edation.. This pharyngitis is sometimes accompanied by adenopathy in
the companion area.

Oonjunctlviﬁ.os is obsgserved in isolationcer asscclizted with pharyn-

gitis. Generally it begins ou one side, setiling on the oonjunctiva and
the solera, espacially at the level of the intarior angle of tho aye. ‘It
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1ay bo accommuaied by edema,  Theo conjunctiva is congssted, mey show sowme
i‘ullliuu_ar olaarts and be gcocompanied by a censutior of the presmes of
a3 forelgm body. Corneal opacit.ias may eppeat in the period of convales.
cence, porsisting in some cases for years and disturbing visior. Con-
Junctivitis has been observed by Jawetz and hiz collaberators in associa-
tion writh adamovirus type 8, and occurring principally under ceriain con-
ditions, pariicularly in weorkers in naval construction plants (18),

lel:vnm—conjunctival fwgr has most often been observed in aszsocin-.
tion with admovirus type 3 (19).

ConJurctivitis has$ been roprodncsed experimentally with volunteers
vhen the conjunctiva hes Yeen. mechanically ircitated prior to inoculation
vith the virss. Simple instillation of the virus doss not enable us to
reproduoe the diszase (20). A prior trawmatism of the tissuos therefore
seems to be nevessary, either for the penstration of the virus or to permit
its proliferatim. Wo can assume that dusts may play such a role wnder
certain comditiéns. This is apperently the case in the naval construction
plants mentimed above,

Regpiratory manifestatiorse These ooour ospecially in certain com-
mmitdes, such a5 hospitsls (21,22), vacation csmps, and military training
camps (23)e They may also oceir in family surroundings. They spread
relatively litile and build 1imited epidemic focl. They are acoompanied '
by a Tever with wide oscillations, dropping in the morning and rising again .in
the evening, This fever may reach as high as 39° to 40°; Coughing is often

. severe and parexysmal. Bronchial affection may be revealed by radinlogical .
ezmination in the form of lcbar opacities, which are probably due partlculanly
. to disturbamces in ventilation. When the seat of lesion is juxtascortical,

the affectior may also be parenchymatous, with momocyte plenra; effusion,

Gactro-sintestingl mmnifestations. '.Ihése are of rather oonsiderable
frequency, with abdominal pains, vvmitins and diarrhea. It is gppropriste -
in this conmectlop to recall the observations of Kjellem, who isolated ade-

noviruses from sultures of mecenterlc zang]_!.a during acute meserteric
adenitis.

. Cutaneous manifestatd.ons. Transitory mo*hmifom eruptions without
secondary desqumation have been observed on the face, neck, andthorax (21,
26). Dlagnostic problems are furthermore complicated by the fact that
adenovirus ‘lnfecnions may perfectly well ocour during convalescence from

manales,
Athough the prognosis for adenovirus infections is ususlly favor-
able, especially in countries with a high 1living stondard, it is quite

otherwize in certain wnderprivileged commmities or commtries with a low
living staadard,

2) Ipre uncommon c).ihical panifestations
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Sesere sdenovirus paewmonia in children. Literature on this subject
has reportad savere or fatal mmifestitions, acoompanied by a train of
symstoms not usually obsarved in adenovirus affections. In 29 cases of
serious adenovirus attacks, studied from 1955 to 1961 in the Saint Vincemt
de Paul Growp, Department of Prof. Lelong, the incidence of warious clinical
manifestations is summerired in Table l:

Table 1. Glinical manifectations observed in 20 dases of severe adenovirus
meumscnia in the Paris reglon 1955-1962.

Pulmonary manifestitions
Cutmmeous manifestatioms, mworbilliform eruptions 6/29
Scvere ‘digestive manifestations, bloody diarrhea

Heart failurse 2[29
Eordous manifestations —- paresis, with symptoms

of pyramidel affections, convulsions, coma 6/29
Severe electroencephalographic disturbances

(2 oases tramsitory and regressive) 1&/29
Avote nephritis : 5/29

It is interesting to note in this table the relatively high incidence
of severe electroancephalographic disturbances which may be transitory and
Jregressive. In parallel fashiop, the incldence of renal manifestations
”sacns relatively high.

The zeverity of oertain adenovirus epidemics was also nported hy

a Chinese suthor during the great Peiping epidemis of 1956. Table 2
sumaarised thls author?s observations. Out of 3,398 cases of .severe
pnemmonin, 528 were fatal, autopsy was made in 110 cases, and ‘adenovirus

pnemponia leslons were observed 92 times. Of 84 pulmonary cases;” adeno-
viruses of type 3 or 7 were isolated 57 times, vhile myoxoviruses were
isolated only 18 times (3 stocks of Asim flu Ay, 15 stocks of myuzovirus
parainfiuenza 1 Sendal). A high incidence of nerwus manifestations
during this epidemic was alao reported.

Table 2, Peldping eplidemis of 1658, reported by Teng Chin-Esien

Total 3,398
Fatal pneumonia 528
Autopsies 10
Charscteristic adenovirusg lesions 92
Isalatior of admovims typo 3, 7 57
Myoxovirus 18

Mnatomic nspects of sdenovirue pnoumonia
2) The snetomio leslans nre ohmotariatioa.uy pu:lmna.ry

Tt wma Goodpaatare and othars (1) wn drw attention to f.ha
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- systems,

puewliar aypect of these lecions dn 1939, lousver, at that time they were
ot ablo to pinpoint the viraa involved. *

Tn 1955, 4n Prof. Lelong's department, in associstion with Le Tan
Vinh and Satge, Ly isolating the virus and by en smatomical stady we were

eble to Gdantity the pneumonia described by Goodpastore as adenoviruns
oeumonia.

This pnewnonia is chorcotericed:

. 1) by necrotic lesions predominating in the bronchia and affecting
the ollintod epitheliem; these leslons uay rpread to the pulmonary
parenchyma; '

2)- by the presence of cells with a suollen nucleus contalning
anceosinophile or basophilic inclusion surrounded by clear vacucles; thege

inclus‘.lrms spare the nndleoclus, and are thus distingunished from the herpetic
eaions; *

3) by localization of the specific lung lesions; the isolated
viruses in these ozses were usually of type 7 o_cpaxlmally of type 3.

b) Congestive non-specific lesions have been reported by a numher
of authors. In this case no focus of necrosis is fomd. It seems probable |
that in most of these cases, the cause of death is not comnectsd with the
admoviruses, but with mmother assoclated affection.

B. Chronio Aﬂmovirﬁs mroctﬁpns

Although aocute adenovirus ipfections have bean relatively well
studied, our lmowledge of chronic adenovirus infeotisns is certalnly still
vory Iraguentary. In the introduotion we Inslsted on the importurice of
exposing latent viruses by cell oulture, Ademoviruses, partioularly types
1, 2, 5, 6 may persist for 2 very long time in the umygdalae and ademoids’
without our being very sure undar vhat form. "Recently the hypothesis was
expresgsed that interferon would ba capable of Intervening in the maintenance

of chronic infection (32, 33, 3%, 35).

Brperimental cell culture patterns have beasa produced in vitro by
a great number of authors. It has been observed, that a real balance
exlsts be‘bwvz,'m viral multiplication md interferon production in certain

. Fowever interesting these experimental pattems may be, it is
ddfficult to drow m anclogy between.the systems studied in vitro and
hagpenings observed in vivo, In the systems chronically infected in vitro,
the production of interferor is closuly connected with viral wultiplication,
and there i1s no proof that the ademoviruses multiply constantly or inter-
mittently in tha amygdalee. Moreover, the adenoviruses do not seea to be
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very sensitive to ths action of interferon.

Although 1ittle understood, the problem of caronio Qdenovirus infec.
Hons has great interest from the theoretical point of view.

4 rocant American report by J. J. Trentin, Yabe and Taylor (35)
nakes ane of the ademovirusos, type 12, a responsible agent in the can-
asrcus transformations of cells. .This virus, given to a baby hamster by
intrepulmomary inoculation, produnoed tumors :\n the thorax in 41 out of 4%
cases, with the tumors lprudtnz to the liver In 6 cases.

If this work is oonflrmed, thls lmportant observation could
a new stimulns to the study of ddenoviruses. We may oonolude from this
study that the pathogenic action of the viruses in the organism is often
wforvesssable, and that in fact adenoviruses are as much respiratory as
they are eteric viruses, and are perhaps even ancogenic viruses. .Viruses
may not be dafined in terms of the organ in which they multiply or in
terms of lesions in the tlssues. Likewise, they may notibe defined by the
clinicel miardfestations they produce. What defines the virus is the wor-

phological stiucture of the particle and the chemical: and antigenic nature
of its oocnstituents.

Adenoviruses xay be dafined as follows:

1) Theay fom a group of virusas vh:uh carry out oharactuistic
nuclear changes in cell structure.

2)° The diameter of thcvmlparuclesutmaotnloollm-
microns, The particle is mads up of a oapsulo (onpsida) of 2, 3, 5 cubde
symstry snd of 252 capacmeres.
N 211 adenoviruses produce an antigen deviating the specific comple-
nent of the group, .With the help of nentralization resctions and by
inhibitdng hmgglntim.t&m e my distingniah 28 typos of admovirnses.

 (linically, the admov&.mses may produce a.co.te and chropic in.tections.

« v ———— s 1

L oavt ma o a4 o

{The acute infectimms are now quite well known and have béwm schemz-
tically presenbed in this report.:
'\——""—‘-_#-——J

\ Tha msniteatntdms mmany obourv-d are: .
/ e t—— . - . * .
< 1) oanjmotiviﬁ.e. 2) pharyngo-conjumotival syndroms, 3) isolated
pharyngitis, &) atyplcel pnemmnnia witbout cold agglutinins, 5) morbilli-
form erupdma. D
% Infhndlamamninmyin certain cases he acocompanied by emncephalic —

.
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and rensl manifestations. The evolution may be sovere, sometimes fatal.

Anatomic lexions are essentially pulmonary. Th typical cases necrotic
mewmonia with inoleslons 1s mmlvad.

y

on tho other hand, ths ohronic infoctlons are little wderstood.

- In the ﬁ.rsb mht:lms of ademoviruses, it was demomstrated that
these viruses may persist a long time in the organism in a latent state,

parti.cn]arly in the lymphoid tissues. The form and oonditions of persie-
tence of thmivirus in the tissues are not knoul._

" A recent study attrﬁbutes a csncaxous role in the taby hamster to
adenovirus type 12. () -
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